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ABSTRACT
Corson, Marla D. Ph.D., Purdue University, December 2014. Energy Conservation and
Efficiency in Manufacturing: Employee Decisions and Actions. Major Professor: James L.
Mohler.

Energy conservation and intensity reduction efforts are becoming increasingly more
prevalent and ultimately necessary, especially for energy-intensive manufacturing
companies in particular to stay in business. Typical actions are to change technology,
and thus, realize an energy cost savings in overall utilities. However, in today’s
competitive market, with climate change and other environmental impacts as well, it is
necessary for the cost of energy to be valued as a cost of making a product, and thus,
managed at the same level as the cost of labor or materials. This research assessed
human behavior at the individual and organizational levels both at work and at home
that either prompted or prohibited employees from taking daily action to conserve
energy or develop greater energy efficient practices. Ultimately, the questions began
with questions regarding employee views and knowledge of energy at work and at
home and what drives both behaviors toward conservation or efficiency. And, the
contribution identifies the key drivers, barriers, and/or incentives that affect those

x
behaviors. The results of this study show that the key driver and motivator for energy
conservation both at home and work is cost savings. The study showed that to further
motivate individuals to conserve energy at home and work, more knowledge of the
impact their actions have or could have as well as tools would be needed. The most
poinient aspect of the research was the level of importance placed on energy
conservation and the desire to conserve. The feedback given to the open ended
questions was quite impressive regarding what employees have done and continue to
do particularly within their homes to conserve energy. These findings brought about
final recommendations that were in fact not expected but could significantly influence
an increase in energy conservation at work by leveraging the existing desire to conserve
which is a key component to decision making.
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CHAPTER 1.

INTRODUCTION

I became interested in energy management and conservation while working at a
large manufacturing facility as the Environmental Health and Safety Manager. At the
same time, I was beginning my course work at Purdue University working towards a
Ph.D. in the College of Technology.
At work, I was also challenged with taking on a focus on energy management for
cost savings efforts. Every member of the leadership team was required to establish
some cost savings measures, and by association with environmental sustainability in my
company, energy became my area of responsibility. In addition, concurrently, the
facility become aware of the not yet finalized ISO 50001 standard and was selected by
the U.S. Department of Energy to become one of the few manufacturing facilities to
start the process of integrating ISO 50001 prior to the finalization of the standard.
In one of my early energy courses, the professor made mention that he had
conducted energy assessments for nearly all the local manufacturing facilities in our
community. That same professor mentioned to the class that, while he had done those
assessments, only a small percentage (less than 5%) had ever implemented any of the
recommendations. Consequently, the companies did not realize the proposed savings
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nor did they significantly change their energy usage and/or consumption. That was a
very intriguing conundrum for me and what has ultimately driven the research that I
have chosen to conduct. I wanted to know why the companies did not implement more
of the recommendations. Once I learned more about that, and based on my own
facility’s reasons, which on the surface were mostly related to large capital costs and
greater than an 18 month return on the capital, I also wanted to know why more
individuals working in an organization do or do not take action on their own regarding
energy usage and consumption. I asked this because after the work I did with my team
at work, and through the work produced from visits by students and professors to my
facility, I learned how many things could be done without large capital investments.
To further analyze the “why”, I conducted interviews with several of the line
managers in our facility and found that their reasons for not doing more at work were
primarily related to a lack of an expectation to do so from a performance standpoint, in
addition to not having effective ways of measuring usage at the department or
equipment level. Therefore, there was no metric outside the overall plant metric that
revealed that the organization spent literally millions on electric and natural gas each
year with costs continuing to increase year over year.
However, what I also learned from those interviews was that these managers
were much more active with energy management and conservation in their personal
lives, which seemed to be a significant contradiction. In fact, each provided examples of
how they had conserved energy whether via recycling, buying energy efficient
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appliances, or changing light bulbs to more efficient types. These were the ultimate
drivers behind this research and its research questions.
1.1

Significance

Energy conservation and intensity reduction efforts are becoming increasingly
more prevalent and ultimately necessary for manufacturing companies to stay in
business in the United States. The current market trends indicate that after some
recovery through 2020, the economy will continue to shift away from manufacturing,
namely, from high energy-intensity industries such as iron, steel, aluminum, bulk
chemicals and refineries, towards service industries (US Energy Information
Administration (EIA) 2013). The demand for these products will not just end. However,
in many cases the manufacturing of such products will shift; and production may
transfer to, or be purchased, in countries where the cost of energy is lower. Interesting,
however, the current market trends from the United States (U.S.) Energy Information
Administration also project that the average use of energy per person will decline from
2011 to 2040 as shown in Figure 1.1, which depicts “energy intensity, measured as
energy use per person and energy use per dollar of GDP” (EIA, 2013b, p. 90). This
demonstrates the effects of population growth; the figure is based on a U.S. population
increase of 0.9 percent per year from 2011 to 2040 against the U.S. economy measured
by gross domestic product (GDP), increasing at a rate of 2.4 percent as total energy
consumption increases by 0.3 percent per year. The decline is attributed to “gains in
appliance efficiency and an increase in vehicle efficiency standards by 2025” (US Energy
Information Administration) (EIA, 2013b, p. 90). However, the EIA projects that total
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primary consumption of energy will increase by 0.3 percent from 2011 to 2040 (EIA,
2013b) as seen in Figure 1.2. The largest growth is predicted in the industrial sector,
followed by commercial and then residential. This is significant considering the primary
users of energy in the United States are residential and commercial buildings, industry,
transportation and electric power generation. And, “the primary energy sources are
petroleum (oil), natural gas, coal, nuclear, and renewable energy” (EIA, 2014. p. 90).

Figure 1-1 Energy use per capita per person (EIA, 2013a, p. 90).
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Figure 1-2 Primary energy use by end user (EIA, 2013a, p. 90).

As an employee within one of the high-energy intensive manufacturing
industries, the primary researcher of this paper has firsthand knowledge of the fact that
in some facilities the cost of utilities is in some cases over one third of a manufacturing
facility's overall cost of operation. With the ever-increasing focus on increasing
employment within the U.S. and not losing U.S. manufacturing overall, perhaps there
are opportunities for individual employees to make a difference and help reduce those
costs.
While technological improvements continue to emerge, helping to decrease
costs, there are aspects of the environment, climate change, and many other factors
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that continue to fluctuate, thus presenting the opportunity to increase conservation and
efficiencies. Modifying human behavior is needed to implement both efficiency and
conservation on an individual level, as we need to understand how to make individuals
adopt better technologies but also how to change their lifestyles to ones that conserve
energy (Attari, 2009).
Although the discussion of energy intensity reduction is quite sensible, it is not so
simply integrated into an organization's behavior. Specifically, the behavior of individual
line managers with significant decision-making authority and other individual
employees. There is evidence to show that there are cost benefits associated with
energy conservation, as well as environmental and social impacts to reducing energy
intensity. However, that knowledge alone has not been enough to change the
behavioral norms of businesses nor enough to change the actions of individual line
managers and other employees. Figure 1.3 demonstrates an opportunity for immediate
electrical usage and cost decrease without capital investment. However, this would
require a change in human behavior. And, while there is proven ability to save $11,732
avg/month, no action has been taken with this to even test the opportunity to validate
what has been identified with the usage information. This is significant for this company
and specific location as well as on the larger national scale in the U.S., which expects to
continue the peak electricity demand with an annual growth rate of 1.7% with total
consumption increasing by 45% by 2030. The 10-20% of that peak electricity cost occurs
in 100 h of the year (Sun, Li, Fernandez, & Wang, 2014), providing a significant
opportunity to reduce usage of behavior can be modified.
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Peak Electrical Demand
Electric Demand for August, 2010
11,500.00

11,226 kW.
Aug 2, 1pm.
10,500.00

Demand (kW)

9,500.00

8,500.00

7,500.00

6,500.00

These 8 peaks above 10,500 kW added $11,732 to
August electric bill ($16.16/kW). [6.5 hrs above]

5,500.00

Date/Time

Figure 1-3 Peek electrical demand savings opportunity (Corson, 2010).

As experienced by the researcher, even in a large heavy manufacturing facility that
spends an average of $4.2 to $4.7 million a year on electricity alone, the cost of energy
is not yet fully viewed as a manageable cost of making a product or as a key lever for
individual department cost reduction. The question then becomes ‘why not’, and why
would employees not take action every day on energy intensity reduction and/or
conservation if there is money savings to be realized? As further detailed in Chapter
Four, the purpose of this research was to explore and understand that question, in
addition to the specific research question of what factors prompt employee decisions to
take action on reducing energy intensity within their own work area. These questions
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are explored in the theoretical context of decision-making, social-psychological
behaviors, and organizational change in the following section.
This research attempted to identify specific actions employees do or do not take
to decrease overall energy usage both at work and the relationship of actions taken or
not taken at work to actions taken at home.
1.2

Definitions

Decision Making the behavior of a company or an individual regarding choosing to
implement energy savings potential or not (Tonn & Martin, 2000).
Energy is essentially the ability to do work, and is categorized into two sources,
renewable, and nonrenewable (Capehart, Turner, & Kennedy (2006).
Energy conservation is defined as the utilization of natural resources to prevent
depletion, an example being turning lights off when not in use (Attari, 2009).
Simply any behavior that results in the use of less energy including recycling (EIA,
2012). The actual act of changing from incandescent lighting to compact
fluorescent is an act of energy conservation (EIA, 2012).
Energy efficiency according to the Energy Information Administration (IEA) efficiency
“occurs when more or enhanced good or services are provided with level energy
inputs. In addition, energy efficiency loss occurs when more energy input is
required to produce the same or reduced products or services” (EIA, 1996, p. 1).
An example is the use of solid state lighting rather than incandescent lighting,
which leads to energy savings (Attari, 2009). Energy efficiency is a vital
component of the U.S. energy strategy (Filippini & Hunt, 2012).
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Non-renewable energy are those sources that create the energy in other forms such as
fossil fuels to include natural gas, oil, and coal (EIA, 2012). The non-renewable
energy sources create electrical energy, and the primary utilities referenced in
this research both in industry and personal are primarily natural gas and electric.
Organization for Economic Co-operation and Development (OECD) is an organization
that started in 1960 with a group of 18 European countries, now 34 across the
globe including the United States. The overall objective is to help governments
to be prosperous and reduce poverty through economic development and
financial stability. The management of environment impact is a key in these
efforts (OECD, 2014).
Recycling saves natural resources and means to use something again (EIA, 2012).
Renewable energy sources include solar energy, wind, geothermal power, and
hydropower as examples all of which are self-replenishing in nature (Capehart et
al. 2006).
1.3

Statement of Purpose

The overall goal of this research was to develop a framework to discover the
behavioral theories that most effectively explain what influences employee actions on
energy conservation in an effort to more effectively design and integrate an energy
management system into manufacturing facilities. The specific objectives were:
1.

To identify what motivates employees to focus on energy conservation
and efficiency.
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2.

To identify what currently prevents employees from pursuing cost
savings through energy conservation and efficiency.

3.

To evaluate what factors influence an employee’s decision making
regarding energy conservation and efficiency.
1.4

Research Questions

This dissertation has two primary research questions. The first question was: what
are employee views and knowledge of energy at work and home that drive behaviors
toward conservation or efficiency? The second question was: what are the key drivers,
barriers, and/or incentives that affect those behaviors? The expected outcome of this
work was to discover correlations between human behaviors related to energy at home
and work, and ultimately, produce useful insight for implementing energy management
systems.
1.5

Assumptions

This research assumed the following:
x

The data collection method of an online questionaire was inviting and
interesting enough to gain participation along with an incentive in the form of
a random drawing.

x

All participants were open and honest in their responses on the questionaire.

x

All participants had the ability (whether realized or not) to impact the usage of
energy within their facility and at home.

x

Accurate data was received from the questionaire.
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x

Differences existed between behaviors at work and home relative to energy
conservation and efficiency.

x

Some relationship existed between general level of awareness of energy either
at home or at work that will impact overall behaviors.

x

The researcher was qualified to speak to actual occurances, information, facts,
and figures from the industry where survey participants work.
1.6

Limitations

The limitations included:
x

Although the data collection questionaire was provided to the participants
with the opportunity to write in comments, there was concern that the
complete reasons of "why” or “why not" were not as reflective as the prestudy interviews.

x

All conservation actions described by survey responses were self reported.

x

The respondents represented only the salaried employees from the overall
population.

x

The survey was written in English and a small percentage of the respondents
had a different native language.

x

The primary researcher for this work was an employee of the company whose
employees of seven facilities are the subjects used in this research.
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1.7

Delimitations

The delimitations include:
x

The researcher intentionally left out race to lessen the ability to identify
individuals within specific locations.
1.8

Summary

This chapter has provided a brief overview of the research, the background,
significance, purpose, research questions, assumptions, limitations, and
delimitations. The following chapter will provide a review of current literature
relative to human behavior as it relates to energy conservation and efficiency.
Because the research population subjects in this work are all employees in a high
energy intensive manufacturing environment, this research will provide a differing
point of view from much of the current literature. Finally, Chapter Three will provide
detail regarding the framework and methodology of this research.
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CHAPTER 2.

REVIEW OF RELEVANT RESEARCH

In this chapter, the researcher reviews literature from three primary areas. First,
energy basics are reviewed to provide the basis for understanding energy conservation
and efficiency. Second, factors affecting energy conservation decision-making in both
households and workplace settings are examined. And third, the use of social and
psychological sciences to analyze the element of human behavior in the aforementioned
areas is covered.
This literature review is not a deep analysis in any of the three areas but rather an
overview of the research over the last three decades that has seen significant
environmental and social change, making some of the early literature somewhat
irrelevant to the overall purpose of this research. In other words, progress has been
made in terms of technological advancements in lighting, Energy Star™ equipment,
smart metering, local and government policy changes, and even the development of an
energy management standard, ISO 50001, that was formally launched in June 2011
(Gasiorowski-Denis, 2012). Ultimately, the literature review conducted was focused on
gaining general insight into the behavioral theories as well as a review of energy
conservation decision-making at work and households over time in an effort to provide
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a background and framework for this research, which intends to add practical
recommendations to the manufacturing population being studied as well as similar
manufacturing environments, none of which has been articulated in any of the literature
reviewed. This method allowed for more of a “compare and contrast” approach to the
environment being studied in an effort to provide substantive supporting evidence for
the practical approach.
2.1

Energy Conservation & Efficiency

In today's economy, a key competitive advantage is the ability to produce and
deliver more efficiently and effectively with less cost. Traditionally, most manufacturing
businesses have measured the cost of gas and electricity specifically as part of the
overall utility cost, not as part of the cost for a unit of production. Ironically, those
utility costs are two of the financial metrics that do not receive significant review or
consideration beyond the finance team, which is the experience at each of the
manufacturing locations where the subjects and researcher for this project work. This
presents a challenge for managers and employees who may otherwise be very actively
engaged in energy conservation in the workplace. If, in fact, the energy costs were
measured as cost centers or directly connected to production areas, the managers and
employees would actually have an incentive to control energy related costs because it
would be directly connected to the cost-effectiveness of the production area
(Scherbaum, Popovich & Finlinson, 2008). In fact, some state that more creativity is
needed, and that the focus on both British Thermal Units (BTUs) and costs should be
controlled so that anything that may reduce costs is fair game, including demand
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management. The beginning steps of implementing energy management systems
teaches that until energy flow can be measured and charged to operating centers, the
full potential of energy savings will not be reached (Capehart, et al., 2006).
However, as the cost of energy increases and the relevance of energy conservation
becomes more prevalent in discussions, policies, and initiatives, businesses are putting
more focus on the overall cumulative cost of energy. Various stakeholders in research
are demanding increased social and environmental responsibility from organizations
(Scherbaum, et al., 2008). And ironically, stakeholders in the business environment of
this research are expecting the same; however, the knowledge base and ideas of how to
achieve this are quite different between the two. Further, energy conservation is a twofold challenge, part human and part technical (Costanzo, Archer, Aronson, & Pettigrew,
1986).
Regarding energy efficiency, some authors argue that energy efficiency and energy
behaviors do not correspond with each other and that efficiencies refer to technological
improvements (not behavioral improvements) regarding energy. This way of thinking
actually appears to separate individuals from the process. Nevertheless, as other
researchers have done, this specific study will refer to energy efficiency as a product of
both technological improvements and individual behaviors combined. “Therefore,
energy efficiency may not be achieved only by the change of technologies but also by
the way the technology is used--this relates to energy behaviors” (Lopes, Antunes, &
Martins, 2012, p. 4096). Either way, both technological improvements and changes in
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energy behaviors will likely be necessary to achieve the aforementioned stakeholder
expectations.

2.2

Factors Affecting Energy Conservation Decision-Making

As identified in research literature by Finlinson (2005):
Achieving energy conservation within an organization is a twofold
challenge, part incorporating energy efficient technologies, and part
changing human behavior. Incorporating energy efficient technologies is
a necessary but insufficient first step in reducing energy consumption.
This is because individuals often fail to adopt these new technologies,
resulting in little or no savings realized. To address the human side of
energy conservation, cognitive-social aspects that involve attitude change
and decision-making processes must be examined and tested (pg.25).
Focusing on the human, one must realize that just because an individual makes
decisions to act on energy conservation within their home, it does not mean he or she
will be so inclined to do so at work. This is true especially if other members of the
organization are not conserving energy, if energy conservation interferes in any way
with productivity, or if it is not supported by an immediate supervisor (Finlinson, 2005).
While the personal, at-home behaviors of some managers and other employees might
show that they make deliberate decisions for energy conservation within their homes
such as recycling, purchasing energy efficient appliances, and installing LED lighting, this
behavior does not necessarily translate into the workplace. However, it is important to
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note that even LED lighting is significant considering electrical lighting is reported to
consume 23% of energy used in commercial buildings and households consume
approximately 15% (Park & Lee, 2013).
This directly relates to the questions posed in this research. In fact, some of the
current environmental behavioral research has found that the benefits derived from
conservation and energy efficient technologies in residential settings are not closely
linked to an organizational setting (Finlinson, 2005). This study shows that the drivers
and internal motivation for energy conservation are the same but because of the
barriers evident in the workplace, the actions to conserve energy are not the same.
2.2.1 Households
Contrary to Finlinson’s statement above, research of home energy reports
demonstrate that non-price interventions can substantially and cost effectively change
household individual behaviors by leveraging moral utility (Allcott, 2011). This means
that the literal active behaviors may not transfer between home and work, but the
intentions that drive those behaviors might. Interestingly, non-price interventions are
found to be inexpensive relative to subsidies (Allcott, 2011).
Further, research directly connected to energy policy making has shown that
consumers do not just calculate what is spent and saved in order to decide how they can
spend the least amount of money regarding energy. But rather, the decisions are based
on a multitude other factors that this study investigated (Huntington, 2011).
Part of this difference in thought between workplace and household behaviors
may stem from some of Heiskanen’s work as he writes that the end user, such as those
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in households, do not actively consume energy but rather use energy as a consequence
of living, raising a family, etc.. He states as well that those end users have less
involvement and responsibility in how they consume energy. He states that energy use
is mostly ‘socially invisible’, which, based on the analysis of data from this research,
does not appear to be completely accurate because there is a significant stated sense of
responsibility and an awareness of individual impact (Heiskanen, et al., 2012). However,
it does provide an idea of how energy may be perceived, and thus, consequently how it
impacts decision-making as well.
Studies regarding decisions made in households to save money versus investing
money indicate that at least in Great Britain, consumers do not invest sufficiently in
energy efficiency. The study separated energy investments into four categories:
refrigerators, washing machines, TVs, and light bulbs. They conducted this study using
data from over several million transactions (Panzone, 2013). The price of Energy Using
Products (EUPs) is a significant barrier to energy efficiency because it represents the
fixed cost of an investment (Panzone, 2013).
Ultimately, the study indicates that the way consumers use EUPs in their daily
lives determines their decisions on purchases. Interestingly, the study reviewed the
management of energy with washing machines and TVs by the reduction in usage, and
the change to more energy efficient refrigerators and light bulbs when the refrigerators
and/or light bulbs were spent at end-of-life. Refrigerators differed most because of the
continuous use over a lifetime; therefore a longer term gain or benefit would be
expected or anticipated.
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There were likewise four main findings in this research with the first being
technology costs influence decision-making relative to energy efficient products.
Second, the cost of energy is not directly tied to technological improvements. In fact,
the study showed that the consumers would likely change their behaviors to reduce
usage versus investing in more efficient higher priced appliances (Panzone, 2013).
Showing the impact of behavior on the demand side of energy versus the supply side
often drives marketing campaigns. The third finding relates to the fact that appliances
such as refrigerators and washing machines are seen as necessities, which may mean
that the consumers may value the environmental performance less than other product
attributes. The fourth and final finding was that overall consumers found investing in
energy efficiency to be at times costly for goods with a shorter life cycle such as washing
machines and televisions (Panzone, 2013). This study provides insight into some of the
factors impacting household decisions. Considering the social and economic differences
between the UK and the US, the outcomes may not be completely and accurately
transferable, but this does provide at least general factors impacting decisions and the
categorical breakdown is likely very similar to the US.
Similar to data from this study, research done by sending over 2000
questionnaires to households with a response rate of 33%, concluded that price and
environment are the most prevalent reasons for energy conservation (Vassileva, Wallin,
& Dahlquist, 2012a). The major motivator to save energy was to reduce energy
expenses and the decision making process was driven by both economic and
environmental motives. A very interesting conclusion from this research was regarding
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the use of smart meters, which in reality could be used at home or at work. The study
stated that the main advantage was offering the opportunity for “shifting peak-loads by
automatically controlling individual customer loads” (Vassileva, 2012, p. 99). This same
principle could be learned at home and then applied at work; however, no research was
found regarding this point.
A study conducted in Norway demonstrated three key barriers to household
energy savings and indicated that in the Organization for Economic Co-operation and
Development, (OECD) countries that the largest and fastest growing energy source used
was electricity in residential settings (Throne-Holst, Strandbakken, & Sto, 2008).
The three primary barriers identified regarding household energy savings were:
first, cultural meaning the range of options for energy savings was impacted by
behavioral norms and rules; second, economic related to the need for quick payback on
investments; and third, information indicating the need for knowledge of how to save
energy and with what sources (Throne-Holst et al., 2008). This is very similar to other
factors found in the research described through this study however, not only for
households but also the workplace.
An interesting point was made in a study of household behaviors using a
university population where they described behaviors in relationship to cognitive
functions and gave a different way of looking at intention wastes such as leaving lights
on to prevent stealing, therefore, making a conscious decision to keep lights on for a
perceived greater purpose (Corradi, Priftis, Jacucci, & Gamberini, 2013). This is
important because many of the survey questions including the one used in this research
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ask the question of whether or not individuals turn off lights when leaving a room or
area unoccupied.
Yet, another study, that somewhat contradicts the majority of the research
reviewed in this study, is the work of Steg and the comment that in many Western
countries, concern for the environment and energy is high yet people do not often act
on that idea in their household behaviors (Steg, 2008). The key difference with the
aforementioned research is the fact that there was not a literal study of human
behaviors with human subjects, yet the conclusions regarding the behaviors was drawn
from literature reviews on household behaviors.
And, although most of the reviews of household decision-making discovered in
this literature review related to energy behaviors, a review conducted in over forty U.S.
households found that while attitudes related to behavioral intentions, and then to
energy related actions, another key factor was the literal physical house itself referring
to decisions such as those of weatherization (Wilson & Dowlatabadi, 2007).
Ultimately, further studies on households show that they are an important
target group representing a major contributor to greenhouse gas emissions, making it
important to manage energy at home as well as the workplace (Abrahamse, Steg, Vlek,
& Rothengatter, 2005).
2.2.2 Workplace
Experiential knowledge from the manufacturing workplace being studied would
indicate that more than technical improvements are needed to improve energy
conservation and, ultimately, reduce costs. And, achieving energy conservation within
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an organization is more than a technical issue to be resolved by engineering and
maintenance technical teams. Addressing the human side of energy conservation and
intensity reduction must evaluate the cognitive-social aspects of decision-making that
involve attitude change (Finlinson, 2005).
Barriers to energy efficiency improvements and decision-making behaviors have
been studied in a variety of Thai industries including their highest energy intensity
industry (cement) and textile, which is their lowest (Hasanbeigi, Menke, & du Pont,
2010a). The research in Thailand incorporated a literature review, questionnaires to
industry, and interviews with experts.
Their research claims that decision-making refers to the behavior of choosing to
either implement or not implement energy efficiency actions. They also claim that a
lack of knowledge is the primary reason why decision-makers in industry fail to
implement potentially cost effective measures (Hasanbeigi et al., 2010a).
The results showed the primary barriers for energy improvement
implementation in the cement industry were management concern over production
disruptions, investment cost, and time required to implement projects. However, the
textile industries claimed a lack of coordination between the sectors as well as the
dependency upon government financial support as their key barriers. Four of the nine
experts stated that the primary barrier and management concerns were related to
production and sales versus energy. Two of the other experts indicated that the top
management lacked commitment, vision, and understanding concerning their primary
barrier to implementing energy efficiency projects. In addition, the experts stated that
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lack of financial resources was also a significant barrier. Interestingly, the lack of
knowledge was related more to the managers and engineering staff, while the
operational staff level barrier was more related to changing working behaviors.
Different from the manufacturing population of this research, the study in the
Thai industry noted a top driver being the reduction of final product cost by reducing
energy costs. This is contrary to the manufacturing facilities of this study, which do not
include the cost of energy in the cost of making products and has yet to make this a key
driver for change. Overall, the Thai study demonstrates that the highest barrier is the
lack of top management support and prioritization, and the highest ranked need being
the need for more information and training (Hasanbeigi et al., 2010a).
The Thai experts further believe that the current financial incentives are not
sufficient and if expanded could impact the level of energy efficiency actions taken. This
is also the experience of the manufacturing environment studied, which, just this year,
has taken advantage of electrical savings related to lighting improvements. The
business case proposal and savings analysis had been proposed several years prior yet
not implemented until government funding in the form of rebates became available for
the large manufacturer.
A study conducted in a Bulgarian manufacturing facilities analyzed the
relationships between top managers, middle managers, and employees relative to
environmental performance. Their overall findings show that an organization’s ability to
make environmental changes (including energy) is largely related to the organization’s
overall capacity for change. The reason for this connection is attributed to multiple
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goals, meaning organizations with financial as well as environmental goals must be
adaptive and innovative in order to realize both positively (Judge & Elenkov, 2005).
Their research also refutes previous research that indicated that managers believe it is
not their responsibility, but rather that of the government to protect and preserve the
natural environment. The data from this research also refutes the earlier claim showing
that, in fact, employees, not just managers, see their own responsibility versus that of
the government (Judge & Elenkov, 2005).
A study conducted in China found that both knowledge and personal norms
were predictive of the behaviors of managers such as recycling and economic efficiency.
However, the study also indicated the need for the multitudes (i.e., all employees) to be
involved because the environmental issues are so significant (Fryxell & Lo, 2003). This
same study actually depicted managers as generally being thought of as environmental
villains but continued to state that they will also be the salvation and will need to take
on a larger responsibility to ensure world sustainability (Fryxell & Lo, 2003). Quite
interesting is the fact that this study discusses the role of business managers and the
most critical role in changing or sustaining the environmental landscape of their country
(Fryxell & Lo, 2003). The primary driver impacting whether or not the managers make
energy conscientious decisions at work was related to environmental knowledge and
also the perception of an alignment with their well-being in the long run when they
actually had control over the situations (Fryxell & Lo, 2003).
Other decision-making factors have been identified in studies regarding
organizational capacity for change relative to environmental performance; these
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recognize the influence of values as a factor in decision making. Using the resourcebased view theory (RBV) and organizational change literature, Judge and Elenkov (2005)
tested an organizational capacity for change (OCC) in relationship to environmental
performance and found a relationship between OCC and performance outcomes
specifically for managers (Judge & Elenkov, 2005). The study demonstrated the linkage
between all levels of an organization and the strategic environmental goals being linked
to all levels, specifically practicing mangers. Somewhat similar were the words of
Thumann (2006), who declared that companies who promote energy management as a
key component for reducing operating costs and improving profits realize gains. He
shared the use of a Certified Energy Manager's Program to increase energy awareness
and energy management skills, both of which directly impact decision making
(Thumann, 2006).
Changing behavior research conducted in Europe demonstrates a need for more
user involvement in energy conservation. Heiskanen (2013) reviewed over one hundred
energy conservation and efficiency projects to study the interactions between project
managers and targeted energy end-users (Heiskanen, et al., 2013). One idea discussed
in Heiskanen’s review was that the use of energy at home and at work are rarely the
subject of conscious decision, which does not match up with other research regarding
energy conservation behaviors (Blass, Corbett, Delmas, & Muthulingam, 2014).
Findings in a study of top management involvement in small and medium sized
manufacturing firms discussed research from Sweden that shows a key driver for energy
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efficiency being the presence of individuals with ambition (Blass et al., 2014), which
brings credence to the impact of individual behaviors in energy management.
Studies regarding environmental behaviors of small and medium sized
manufacturing enterprises (SMEs) conclude that environmental practices are driven by
two key factors: business performance and regulation, stating that environmental
regulations are the larger driver (Williamson, Lynch-Wood, & Ramsay, 2006a). The
studies also revealed that the act of compliance with regulation is significant; and it
does not match with behavior change or views towards the environment. This is
particularly evident in the manufacturing environment studied in this research. Each of
the seven manufacturing locations comply with extensive environmental requirements
including but not limited to ISO 14001 (environmental management system), and in
some cases this compliance is part of the cost of doing business with certain customers.
However, it remains to be seen whether or not the newly established ISO 50001 (energy
management system) will have the same impact. The manufacturing locations and the
participants in the survey for this research spare no cost to ensure consistent
environmental compliance, yet the same is not yet true of all energy management
practices. However, some aspects of energy conservation such as recycling, reuse, etc.
are included in the environmental management systems, and there is significant overlap
between ISO 14001 and 50001.
However, other studies show that despite owners/managers of small and
medium-sized enterprises (SMEs), their strong ‘green’ attitudes their level of
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implementing environmental friendly practices, which in some cases in more directly
connected to energy, is low (Gadenne, Kennedy, & McKeiver, 2009).
Some researchers claim that having the Department of Energy (DOE) assist with
funded programs such as the Industrial Assessment Center (IAC) will cause
manufacturing companies to more quickly move through the decision-making process to
implement energy efficiency projects. And the philosophy is simple, yet compelling and
aptly demonstrated by the analogy—giving a company a one-time assessment without
follow-up is like giving the company a fish. “Helping the company establish an improved
energy efficiency decision-making process is like giving the company a fishing pole and
lessons” (Tonn & Martin, 2000, p. 831).
The IAC provides the companies with an overall assessment then access to
student alumni from partnering universities, which the company may then hire to assist
with the follow-up and implementation. While in theory this is a great idea, the
company that participated in this research had a DOE assessment done in the largest of
the extrusion facilities over twelve years ago, and it also had a follow-up assessment.
The location also had access to Purdue University and the knowledge base therein to
include further smaller scale assessments conducted in 2011-2012. However, what was
not taken into consideration, at least with the DOE assessment, was the complexity of a
seventy-five year old facility, and the knowledge within the organization that, in fact,
may be more valuable than the experts, not to mention the time required to bring the
experts to at least a minimal understanding of the overall process and complexity of the
operation. In addition, all the knowledge of potential in the world does not mean that
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company stakeholders and primary decision makers will change their policies on 18
month paybacks for capital projects. Therefore, knowing, as in this case, with an
extensive DOE energy assessment report demonstrating opportunities for millions of
dollars in savings, and with technical expertise outside the organization as well as
within, there are some decisions that simply come down to dollars and time, which are
not easily challenged without an absolute requirement that generally only comes from
customer requirements or federal regulations.
Nevertheless, the primary research regarding decision-making and IAC discussed
employee decision making; however, a question would be at what level because the
premise of this research is to understand individual decision-making with the idea that
individuals collectively, at all organizational levels, with one purpose can have an
impact.
One key factor that the IAC study did indicate was the need for understanding
other factors regarding decision-making such as those ‘hard and fast’ rules within
organization regarding for example time requirements for return on investment, which
in reality negate much of the large body of employees decision making in many cases-especially those with large scale energy efficiency projects.
Another form of decision-making comes in the form of curtailment behavior and
usage behavior, which was studied in relationship to effective rewards related to energy
conservation in the workplace (Handgraaf, Van Lidth de Jeude, & Appelt, 2013). This
study showed that public social rewards were more effective than private monetary
rewards, which should not only be a consideration for policy makers in society but also
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decision/policy makers within industry (Handgraaf et al., 2013). This may still require
improved technologies and likely tracking mechanisms but is a consideration regarding
what can impact employee decision-making.
And finally, an interesting review of a study on manufacturing’s role in corporate
environmental sustainability discusses the progression of engagement with the
environment increasing significantly with the implementation of ISO 14001 (Sarkis,
2001). It will remain to be seen if the same is true of the near identical model of energy
management in ISO 50001 (Sarkis, 2001).
The findings from this study show that top management does have an impact,
but it appears to be more of a positive potential versus some of the viewpoints
identified in other research. In addition, the subjects of this research also mentioned
various types of incentives as motivators for energy conservation at work which relates
to the research described above.

2.3

Social and Psychological Behavioral Theories

Early individual behavioral research regarding energy conservation began in the
late 1970s and 1980s. Much of the research was focused on households. Stern (1992) is
one of the most prevalent authors of such research and, even then, the major policy
tools identified were information and money. However, the early noted drivers for
conservation were based on pure environmental concerns such as acid rain, urban air
pollution, and global climate change (Stern, 1992). Continuing research over the
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subsequent decades, including this research, present an opportunity to evaluate
whether or not those concerns remain the same.
In the early 1990’s Stern stated that policy makers as well as psychological
researchers had taken a rather simplistic approach to energy use, meaning they had
ignored technological improvements as key tools for conservation and the impact of
money as a key motivator to change. He purported that there was a need to view the
entire energy system (Stern, 1992). In addition, he stated that researchers should also
study behaviors outside households that their methods might influence, which is a
primary focus of this current research.
Per Stern’s research, the theory of cognitive dissonance suggests changing
individual conservation behaviors, such as turning off lights or ride sharing, may have
large indirect effects on energy conservation simply by altering individual attitudes
about energy use (Stern, 1992).
Stern also presents the idea that energy savings can be more significantly gained
by changing businesses and industries versus changing individual behaviors (Stern,
1992). My research and the example of a large manufacturing company indicate that
the collective benefits of individual decisions, behaviors, and actions may be an effective
approach to drive consistent energy savings without large capital expenditure.
Where energy studies discuss national policy change in an effort to be more
directive in driving change, especially in the industrial areas, the same approach could
be applied to a manufacturing business such as the one used in this research.
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People look at what things cost. They look at what can bring them money for little
or no effort. They pay attention to knowledge that will lead them to savings. If this
happens in the household, why could it not happen in the workplace? This study shows
that it does happen in the home and that it does happen in the workplace to the extent
that it is possible. “Possible” being due to individual control and access.
Costnaza et al. (1986) stated in their findings along with other social-psychological
research. They demonstrated that energy users have often failed to adopt energyconserving technologies, even when their adoption is highly cost effective, namely due
to overlooking the human side of energy conservation. Quite often organizations focus
on decreasing energy usage through structural or operational changes to work
processes such as installing energy-efficient lighting, manufacturing equipment, idling
equipment, or removing inefficient equipment without regard to the human behavior
side of those changes (Scherbaum et al., 2008).
Clearly, these actions have the potential to demonstrate a decrease in energy
intensity and cost reduction. However, they are more often one-time actions that may
not even be known by the majority of the organization. A more difficult approach with
the potential for longer-term benefits is through changes in employee energy-use
behavior. Much less research has explored the “individual-level factors that are related
to employee energy-conservation behaviors at work” (Scherbaum et al., 2008, p. 820).
Various researchers have identified several individual factors that tend to typify
energy conservation behaviors. However, some of these researchers have been
criticized because of their perceived lack of a systematic theoretical method for
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understanding their findings (Scherbaum et al., 2008). To bridge this gap, Stern and
colleagues developed and proposed the Value-Belief-Norm theory (VBN) as a method
for understanding environmentally significant behavior (Scherbaum et al., 2008), which
will be explained in the next section.
2.3.1 The Value Belief Norm Theory (VBN)
The VBN theory uses five individual-level variables that affect environmentally
significant behaviors:
The theory demonstrates that values reflect the objects or principles that
individuals believe to be important, beliefs reflect individuals' overall
view of the world, and norms reflect individuals' personal rules and felt
obligations to act in a particular manner. The crux of this theory is that
the activation of personal norms to engage in pro-environmental action
influence environmentally significant behaviors (Scherbaum et al., 2008,
p. 821).
The five variables considered to impact environmentally significant behaviors are
as follows. The first variable is personal values, which directs individual actions and
more altruistic behaviors. The second variable is environmental worldviews, described
as having an awareness of the potential negative consequences that environmental
problems can have on things, people, or personal values. The third is individual
awareness of adverse consequences of environmental problems for valued objects. This
includes an evaluation of how a person's actions with recognition of personal
responsibility for the negative problem. The fourth is an individual belief that he or she
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can initiate action to reduce the adverse consequences. Finally, the fifth variable is the
individual's personal norms that impact his or her behavior (Scherbaum et al., 2008).
The VBN theory also categorizes personal norms into four distinct classes of
environmentally significant behaviors. The first class of behaviors is environmental
activism, such as be participating in demonstrations, lobbying, etc. The second class of
behaviors is public non-activism behaviors (for example, using an alternative fuel
vehicle). The third class of behaviors is nonpublic, examples being consumer purchases,
recycling, etc. The fourth and final class of behaviors is in organizations, which relates to
how individuals perform their work. For example, they may turn off lights and
equipment, they recycle, they select specific energy equipment, and the like
(Scherbaum et al., 2008). Essentially the theory's hypothesis is that an individual's
personal behaviors towards environmental issues are indicative of how they will be with
energy conservations efforts. Simply put, it means if an individual is very
environmentally conscientious in their personal life, they will also be actively engaged in
energy conservation at work. Overall, the VBN theory, per research, has proven to be a
good theory in terms of providing reason to the general predisposition towards proenvironmental behavior (Stern, 2000b).
One of the key elements of the VBN theory is the idea that individual choice is
driven by personal norms, in other words, an internalized sense of obligation to behave
or act in a certain way (Stern, 2000b). The pro-environmental personal norms referred
to in the VBN theory are actions such a recycling and producing less waste, etc. and are
essentially activated when an individual believes that violating those norms would have
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an adverse effect on something they value, which is referred to as awareness of
consequences (AC) (Stern, 2000b). On the contrary, if the individual believes that by
taking action they will be responsible for the consequences, it is referred to as the
ascription of responsibility (AR) (Stern, 2000b). Sterns (2000) research shows that both
AC and AR are related to a sense of personal obligation, which leads to environmentally
significant behaviors as seen in figure 2-1.

Figure 2-1 Theory of Reasoned Action (Stern, 2000b, p. 412).

A study conducted in the Netherlands demonstrated the validity of the VBN theory
showing that “a strong moral obligation to reduce household energy usage was directly
associated with higher acceptability levels and personal norms explained 30% of the
behaviors” (L. Steg, Dreijerink, & Abrahamse, 2005, p. 423). However, the study also
showed that when the cost of the behavior increased, the behavior differed. In other
words, personal norms explained more directly behaviors such as recycling and
acceptance of energy policies, which were found to be less costly (Steg et al., 2005). The
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study also showed that the personal norms were highest when the people felt
responsible for the energy problems, and a higher regard for the environment lead to
more obligation to reduce household energy usage (Steg et al., 2005).
The VBN theory appears in most of the research regarding conservation behaviors,
and connects the literal behaviors to norms. VBN originates from the theory of Norms
Activation, one of the early social psychological theories used to explain environmental
behavior (Ibtissem, 2010).
2.3.2 The Theory of Reasoned Action
The fundamentals of the Theory of Reasoned Action (TRA) are motivational and
the immediate antecedent to a behavior is intention, with the stronger the intention the
more likely the behavior will be performed. The theory is also based on two
independent determinants, with one being the attitude towards the behavior, meaning
how the individual perceives the behavior favorably or unfavorably. The second
predictor is the subjective norm that is relative to social factors and the extent to which
social pressures real or perceived may impact the performance of the behavior as seen
in the figure 2-2 (Ajzen & Madden, 1986).
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Figure 2-2 Theory of Reasoned Action (Ajzen & Madden, 1986, p.454)

Research indicates that with TRA there are conditions on its level of accuracy in
predicting behaviors. Of greatest significance is the idea that the behavior must be
completely under the person’s control in order for the person to decide if they will
perform the behavior or not. This is very important when considering factors of control,
such as opportunity and resources of time, money, skill, knowledge, etc. (Ajzen &
Madden, 1986). And, while it may be said (Ajzen & Madden, 1986) that a behavior is
completely under a person’s control if the person can decide of their own accord to
perform the behavior or not, it may not be an accurate statement at all times and under
all circumstances. The ultimate results of their study concluded that the TRA greatly
improved the prediction of behavior, indicating that the perception of control and
attitude have a significant impact on action behavioral motivation (Ajzen & Madden,
1986).
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2.3.3 The Theory of Planned Behavior
The Theory of Planned Behavior (TPB) is an extension of the Theory of Reasoned
Action (TRA) (Doll & Ajzen, 1992). A central factor in the theory of planned behavior is
the individual’s intention to perform a given behavior. Key to this theory is that the
stronger the intention towards engaging in the behavior the more likely it will be
performed. In addition, the performance also depends on non-motivational factors
such as time, money, skills and the cooperation of others. These factors represent an
individual’s actual control over the behavior which further explains the differences
between household and work behaviors. The extent to which the individual has control
over the required resources and opportunities, the more success they will have in
implementing the behavior (Ajzen, 1991b). Perceived behavioral control with
behavioral intention is directly predicts actual behavioral action as seen in the figure 2-3
(Ajzen, 1991a).

Figure 2-3 Theory of Planned Behavior(Ajzen, 1991a, p. 182).
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The intent of the TPB theory is to both predict the behaviors that result from
attitudes but also to explain the process by which the two are linked together (Oreg &
Katz-Gerro, 2006).
Other research explains the TPB theory as three independent determinants of
intention. First, the attitude toward the behavior; second, the subjective factor (social
norms/pressure); and third, perceived behavioral control. Included is the recognition of
control over the situation meaning if the behavior allows the person to have complete
control over the behavior then intention alone is not sufficient to predict behavior as is
indicated in the theory of reasoned action (Doll & Ajzen, 1992).
Research by Ajzen and Madden (1986) that the perception of behavioral control
was a more important predictor than that of attitude, subjective norm, and intention
which link to the antecedent to TPB, the Theory of Reasoned Action; however, all were
related to an underlying set of salient beliefs (Ajzen & Madden, 1986).
2.4

Summary

The literature review for this topic provided information on the theories of what
drives energy conservation behaviors and some of the actual actions of home and work
related energy conservation. However, it does not specifically identify what would
motivate a person who already conserves energy at home to do the same at work, and
this research identified those for the specific manufacturing population being studied
which in turn could be useful to other similar manufacturing organizations.
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CHAPTER 3.

METHODOLOGY

The purpose of this research was to discover the reasons why employees in large
and high energy consuming manufacturing facilities do or do not engage in energyconservation activities at work and how that relates to the level of engagement for the
same that they display at home. The following chapter outlines the methodology, the
unit of analysis, as well as the mixed methods approach used.
3.1

Methodology

This research involved a mixed methods approach using both qualitative and
quantitative data to provide a new framework whereby organizations such as the one
being studied can see benefits from improved energy conservation and efficiency
behaviors.
3.2

Human Subjects Research

Because the data collection will come from human subjects, appropriate approval
was obtained from the Purdue University Institutional Review Board (IRB) and is located
in the Appendix A. In addition, written approvals were obtained from the
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population’s business unit president as well as the director of information technology,
which are also in the appendix.
3.3

Population and Sampling Group

The primary researcher for this work was an employee of the company whose
employees of seven facilities are the subjects used in this research. The metals
company is considered a heavy manufacturer. The facilities are each on average over
seventy-five years old; with most of the processes being energy-intensive. The subjects
were chosen specifically to obtain data from a heavy manufacturing environment and
the outcome of the overall study has the potential to be beneficial for the company.
Thus, a match of theory and practical application exists in this study.
While not all of the employees were part of the research, the salaried population
was selected to participate due to the ease of access via email. There were five hundred
and fifty-four salaried employees who received an email directly from the researcher
asking them to participate in a survey and with the incentive of being able to voluntarily
submit their name and information to a separate database to be entered into a drawing
to receive a $25.00 Amazon gift card. Twenty were randomly selected to receive the gift
card via email.
Of the five hundred and fifty-four employees who were on the distribution list to
receive the survey, two hundred and twenty-nine completed the survey in the set time
of one month, which was just over 41% participation. Most participants completed the
survey well before the final date.
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Prior to distributing the survey to the entire distribution, a sample survey was sent
to ten select individuals and asked to complete the survey to test its ease of use, to
ensure that all questions were understood, to ensure that the tool was user friendly,
and to evaluate the time required to complete the survey. The feedback was received
from the ten employees and a few word changes were made for clearer understanding.
The time to take the survey was calculated to be approximately 10 to 12 minutes, which
was the estimated time shared on the invitation email sent to all participants.
The study participants, as a whole, were located in five locations across the United
States, one in Germany, and one in Korea. Most of the salaried employees in both
Germany and Korea speak English; therefore, there was limited concern over the ability
of those individuals to complete the survey effectively.
There was no personally identifying information asked for in the survey nor any
connection between the certificate of completion for the gift card and the literal survey
answers provided. No personal identifying information was contained in this survey.
The data was collected electronically, and assessed using statistical methods.
For the quantitative portion of this survey, the independent variables of this study
were facilty location, location size, department, department size, employee age,
employee years of service with company, level within organization, educational level,
and several financial measures of the location. Gender and race were left out to lessen
the ability to identify individuals within specific locations. The dependent variables
were the responses to each question.
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3.4

Survey Questionnaire

The survey itself was in part modeled after a study by Scott Finlinson (2005) and
permissions were received to obtain and modify the survey tool used from his research.
However, the final survey was not identical even though some of the questions were
very similar so as to follow the same line of reasoning in order to compare to similar
behavioral theories used in Finlinson’s research, namely the Value Belief Norm (VBN)
and Theory of Planned Behavior (TPB) (Finlinson, 2005). The survey questions for this
research were changed to be applicable to both a home and manufacturing workplace
setting versus a university setting only as used in Finlinson’s research. The results of the
survey itself indicate validity in that the responses were the same in all those regarding
responses for home, which were in two sections as well as those related to work that
were in two sections.
The questions were separated into six sections, starting with five general
questions regarding the reasons why the individuals conserve energy. These questions
were directly related to the five key factors in the VBN theory. The second section had
nine questions with one opened ended question, and all were related to energy
conservation behaviors at home. The third section had eight questions with seven open
ended questions and all were related to energy conservation behaviors at work. The
fourth section had thirteen identical questions directed towards home and work
equally. The fifth section had two open ended questions regarding what motivates
them to conserve energy at home and work, respectively. The sixth and final section
was specific to demographics of age, primary business location (of the seven surveyed),

43
operations or non-operations role, number of people supervised, length of time working
at the company, highest level of education, and whether the participant owns or rents
their home. The complete survey is included in Appendix C.
3.5

Survey Reliability

The reliability of the survey questionnaire was tested with the use of identical or
near identical questions to the survey performed by Scherbaum, Popovick, & Finlinson
(2008). The responses from these questions were compared and the scores were nearly
the same in all cases as seen in Table 3-1.
Table 3-1 Reliability Questions and Scores
Questions

Scores

S, P, & F: When I leave a room that is unoccupied, I turn off the lights.*

4.46

MDC: Do you consistently shut the lights off in you work area when no one is present?*

4.02

MDC: Do you consistently shut the lights off in your home when no one is present?*

4.44

S, P, & F: The United States is in the middle of an energy crisis.**

3.79

MDC: There is an energy crisis in the world today.**

3.63

S, P, & F: I have a responsibility to conserve energy and resources.***

4.26

MDC: Conserving energy is my personal responsibility***

4.2

S, P, & F: Conserving energy and natural resources is important to me.***

4.16

MDC: Conserving energy is important to me at home.***

4.35

MDC: Conserving energy is important to me at work.***

4.13

*Self reported behavior
**Environmental worldview
***Environmental personal norm
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3.6

Survey Validity

The validity of the survey was assessed through face value. The qualitative
responses matched with the quantitative responses indicating that there was an
understanding of the questions asked in the survey questionnaire. There was also
consistency throughout all sections between work and home responses which match
with the quantitative responses.
3.7

Survey Tool

Survey Monkey® was used to gather the data due to the need for approval from the
company requirements where the subjects of the survey and the researcher work.
Survey Monkey® was the only online survey tool permitted for use within the company
where the survey was conducted due to security concerns, therefore it was the one
selected.
The researcher worked with the Survey Monkey® support staff to prepare the
survey with the online tool. The questionnaire was uploaded to Survey Monkey® and
organized for ease of use then a link to the online questionnaire was developed, which
was sent in the emails out to the participants. The process was developed and used in a
way that would ensure complete anonymity of all participants.
3.8

Summary

The majority of the surveys were completed within a two week time frame and
there were no questions or concerns given regarding the survey. The results were
available real-time as the surveys were completed.
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CHAPTER 4.

RESULTS AND FINDINGS

In this chapter, the findings from the questionnaire are detailed in the order the
questions were answered by the respondents. Further, the questions were organized
into four primary sections and the chapter will follow the same organization starting
with the general basis for why people conserve energy, energy behaviors at home,
energy behaviors at work, and exact questions asked for home and work. There were
two types of analyses performed, quantitative and qualitative. The SPSS statistics
program was used to analyze the quantitative data using T-tests, ANOVA, and Kappa
scores, while the qualitative analysis was performed on the open ended questions using
the method of open coding for concept mapping (Berg, 2009; Creswell, 2013; Denzin,
2005; Maxwell, 2005). All questions were analyzed to evaluate employer views and
knowledge of energy at work and home that drive behaviors toward conservation or
efficiency and to identify the key drivers and barriers, and/or incentives that affect
those behaviors.
4.1

First Five General Energy Questions

The first five questions below were asked and analyzed to establish why the
participants conserve energy with the assumption that they in fact do conserve energy
in one form or another. There were five response options following the Likert method
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of strongly disagree, disagree, neither disagree or agree, agree, or strongly agree. The
questions were:
Q1: I conserve energy to preserve the environment.
Q2: I conserve energy to save money.
Q3: Conserving energy is the responsibility of my local and/or national government.
Q4: Conserving energy is my personal responsibility.
Q5: There is an energy crisis in the world today.
The descriptive statistics were for the first five general questions show the
means and the primary driver for conserving energy being saving money followed by
personal responsibility, and then to preserve the environment. Table 4-1 shows this
data.
Table 4-1 Descriptive Statistics
I conserve energy to preserve the environment
I conserve energy to save money
Conserving energy is the responsibility of my local and/or national government
Conserving energy is my personal responsibility
There is an energy crisis in the world today
Valid N (listwise)

N
229
229
229
229
229
229

Min
1
1
1
1
1

Max
5
5
5
5
5

Sum
880
995
778
961
832

Mean
3.8428
4.345
3.3974
4.1965
3.6332

Std. Dev.
0.92324
0.81042
1.18255
0.79515
1.11053

ANOVA testing was performed using the data from the first five general
questions and the result, meaning the differences between each question were
statistically significant per Table 4-2 where p is < 0.05. The post hoc tests show the
comparisons between questions on Table 4-3, and the homogeneous subsets are
displayed in Table 4-4. Both Table 4-3 and 4-4 show that all questions are significantly
different from the other questions with the exception of questions three and five, one
and five, and questions two and four. The homogenous subset detailed in Table 4-4
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shows that of the three question pairs that are not significantly different, p > 0.05, the
two questions most closely related are questions two and four: conserving energy to
save money, and conserving energy is my personal responsibility.
Table 4-2 ANOVA Test
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6XPRI6TXDUHV

GI

0HDQ6TXDUH







:LWKLQ*URXSV







7RWDO





%HWZHHQ*URXSV

)


6LJ


48

Table 4-3 Post Hoc Tests
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Table 4-4 Homogeneous Subset
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4.2

Actions and Behaviors at Home

The next section of four questions were regarding literal behaviors performed at
home. These questions were considered some of the basic actions individuals can
choose to take in the home to conserve energy.
Q1: Do you recycle paper and plastic products at home?
Q2: Do you use energy efficient light bulbs at home?
Q3: Do you consistently shut the lights off in your home when no one is present?
Q4: Are your decisions to buy appliances i.e. washer/dryer, refrigerator, dishwasher,
furnace and/or A/C unit based primarily on energy efficiency ratings?
There were five response options following the Likert method of never, some of
the time, about half the time, most of the time, or always. There were two hundred and
twenty-nine total responses as seen in Table 4-5.
Table 4-5 Actions and Behaviors at Home
Evaluate the following statements regarding recycling and energy use in your home:
Answer Options

N ever

Some of the
time

Do you recycle paper and plastic products at home?
27
Do you use energy efficient light bulbs at home?
7
Do you consistently shut the lights off in your home when
4
Are your decisions to buy appliances i.e. washer/dryer,
16
Why do you or do you not typically recycle or conserve energy in your home?

23
22
4
35

About half the
time

Most of the
time

Always

Rating
Average

Response
Count

12
29
8
35

60
92
85
83

107
79
128
60

3.86
3.93
4.44
3.59

229
229
229
229
125

answered question
skipped question

An open ended question was asked at the end of those four questions asking:
Q1: Why do you or do you not typically recycle or conserve energy in your home?
There were a total of one hundred and twenty-five written responses which were
categorized using an open coding method (Berg, 2009; Creswell, 2013; Denzin, 2005;
Maxwell, 2005). The findings showed cost savings to be the primary driver for

229
0
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conserving energy in the home followed by individual responses that included both cost
savings and the environment in the written response. The third category was
environment alone. If all three categories were to be grouped together that would
mean that of the one hundred and twenty-five written responses, fifty, or 40% coded
and categorized for why people recycle or conserve energy in their homes would be for
cost savings and the environment as shown in Table 4-6.
Table 4-6 Coding and Characterization for Home Actions and Behaviors

The next two questions were related to behaviors that did not appear to be as
common in the literature review. However, an energy assessment is an option that
definitely increases the level of knowledge members’ of a household would have
relative to methods of conservation.
Q1: Have you had an energy assessment performed at your home/residence?
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Q2: Do you use an energy efficient/programmable thermostat in your home/residence
to manage energy consumption?
Table 4-7 Energy Assessment and Energy Efficient Thermostat Questions
Please select yes or no for the following questions:
Answer Options

Y es

No

Response
Count

Have you had an energy use assessment performed at
Do you use an energy efficient/programmable thermostat

48
152

181
77

229
229

answered question
skipped question

229
0

As seen in Table 4-7, the nearly 21%, or 48 of 229 having an energy assessment
performed in their home/residence was actually surprising but further demonstrates
that there are households seeking ways to conserve energy.
4.3

Actions and Behaviors at Work

The next set of eight questions were related to work. Each had a space for
comments to be written in after the response was given to the five response options
following the Likert method of never, some of the time, about half the time, most of the
time, or always.
Q1: Do you recycle paper and plastic at work?
Q2: Do you recycle other products at work? If so, what?
Q3: Do you personally impact energy usage at work? If so, how?
Q4: Can you turn off your work equipment when it’s not in use?
Q5: If you could turn your work equipment on and off when not in use do you know if it
would decrease the energy consumption?
Q6: Do you have the necessary technology to help you conserve energy at work?
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Q7: Do you consistently shut the lights off in your work area when no one is present?
Q8: What would help you to conserve energy at work? (Select all that apply)
More technical knowledge
Monitoring/tracking mechanism
Individual performance management expectation
Capital
Other (please specify)
Table 4-8 Actions and Behaviors at Work
Evaluate the following statements regarding recycling and energy use in your workplace:
Answer Options
Do you recycle paper and plastic at work?
Do you recycle other products at work? If so, what?
Do you personally impact energy usage at work? If so,
Can you turn off your work equipment when it’s not in
If you could turn your work equipment on and off when
Do you have the necessary technology to help you

N ever

Some of the
time

About half the
time

Most of the
time

Always

I don't know

Rating
Average

Response
Count

8
27
23
10
7
18

16
23
48
37
20
43

8
8
17
20
12
33

75
72
65
76
59
58

120
75
58
76
77
36

0
22
16
8
52
39

4.25
3.71
3.41
3.78
4.02
3.27

227
227
227
227
227
227

answered question
skipped question

227
2

Two questions were identical, one asked with the set regarding home behaviors
and the other related to work behaviors. Those two questions were regarding recycling
paper and plastic as well as turning off lights when no one is present. The data in Table
4-9 shows that the responses for literal action of recycling at home and at work to have
a very small level of consistency (Kappa = .122) and not likely due to chance (p = .004).
Therefore, recycling of paper and plastics is not consistently done the same at home and
work.
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Table 4-9 Kappa Test for Home and Work Recycling
Case Processing Summary
Cases

Do you recycle
paper and plastic
products at home?
* Do you recycle
paper and plastic at
work?

Valid
N Percent
227
99.1%

Missing
N Percent
2
0.9%

Total
N Percent
229 100.0%

Symmetric Measures
Value
Asymp. Std. Approx. Tb Approx. Sig.
Errora
Measure of Agreement Kappa
.122
.045
2.917
.004
N of Valid Cases
227
a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

The data in Table 4-10 shows that the responses for the literal action of shutting
off lights at home and at work to have a very small level of consistency (Kappa = .181)
and not likely due to chance (p = .000). Therefore shutting off lights when no one is
present is not consistently done the same at home and work. However, there is more
consistency between home and work with turning off lights than with recycling.
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Table 4-10 Kappa Test for Home and Work Turning Lights Off

Do you consistently
shut the lights off in
your home when no
one is present? * Do
you consistently shut
the lights off in you
work area when no one
is present?

Case Processing Summary
Cases
Valid
Missing
N
Percent
N
Percent
226
98.7%
3
1.3%

Total
N
Percent
229 100.0%

Symmetric Measures
Value
Asymp. Std. Approx.
Errora
Tb
.181
.044
4.114

Approx.
Sig.
.000

Measure of
Kappa
Agreement
N of Valid Cases
226
a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Question eight of those related to behaviors at work asked what would help you
to conserve energy at work showed a clear need for monitors/tracking mechanisms
followed by more technical knowledge. The open ended question asking for other
options was analyzed by categorizing and coding using inductive reasoning and four key
areas were identified in Table 4-11.
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Table 4-11 What would help you conserve energy at work? Other (please specify)
What would help you to conserve energy at work? Other (please specify)
Category
Equipment/Devices/Monitors
Knowledge or Caring Needed
Management System/Communication
Personal Behavior or Thought Change

4.4

# of
Responses
18
11
7
4

Percentage
45%
28%
18%
10%

Identical Questions Related to Home and Work

The next twelve questions were identical but first asking related to home then
the same question related to work:
Q1: Conserving energy is important to me at home/work.
Q2: I make every effort to conserve energy at home/work.
Q3: Conserving energy at home/work is difficult.
Q4: I have a personal responsibility to conserve energy and resources at home/work.
Q5: I know how to conserve energy and resources at home/work.
Q6: I am personally able to impact energy usage at home/work.
Paired sample t-tests in Table 4-12 were performed to determine if there was a
statistical difference between each pair and each pair was significantly different with p
< .05. Of note, two of the mean pairs were negative, which in this case shows that the
level of difficulty in conserving energy between home and work as well as the ability to
impact energy usage at home or work were both greater and fall in line with the idea of
individual control, which is naturally more likely at home than at work.
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Table 4-12 Paired Sample T-Test Results
PAIRED SAMPLE STATISTICS AND T-TEST RESULTS
0HDQ
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Although each pair was statistically different from each other based on the
paired t-test calculations, the Kappa scores in Table 4-13 were used to compare the
same data as the T-test in Table 4-12 to determine the level of consistency between
each pair. The level of consistency at the highest is only moderate between the
importance of conserving energy at home and work at Kappa 0.564, and the question of
making every effort to conserve energy at home and work at Kappa 0.538.
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Table 4-13 Kappa Scores
Kappa
&DVHV
9DOLG

&RQVHUYLQJ
HQHUJ\LV
LPSRUWDQWWR
PHDW
KRPH 
&RQVHUYLQJ
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&RQVHUYLQJ
HQHUJ\DW
ZRUNLV
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,KDYHD
SHUVRQDO
UHVSRQVLELOL
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FRQVHUYH
HQHUJ\DQG
UHVRXUFHV
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4.4.1 Opened Ended Question for Home
Directly following the twelve questions regarding work and home was a question
asking the participant to list what would motivate them to conserve energy at home.
After coding and characterizing the two hundred and twenty responses, there were five
key categories listed in Table 4-14. This is congruent with the previous findings
regarding key motivators while categories three and four add in more detail into the
literal things that could help motivate them, and then, ultimately produce a cost
reduction, money savings, and environment savings.
Table 4-14 Motivation to Conserve Energy at Home
Please list what would motivate you to conserve energy at home.
C ategory
# of Responses
Percentage
Cost Reduction and Money Savings

108

49%

Cost and Environment

41

19%

Knowledge of Impact and Tools

27

12%

Incentives and Credits

15

7%

Already Motivated and Do Conserve

13

6%

4.4.2 Opened Ended Question for Work
After coding and characterizing the two hundred and twenty responses to the
open ended questions of what would motivate you to conserve energy at work, there
were six key categories listed in Table 4-15. Not surprising that cost reduction and
money remain at the top however, comparison of the same for home is different with
49% of responses versus only 19% from work. It was most interesting to see that
knowing the impact of energy conservation behaviors was doing and having systems
and tools to facilitate the behaviors was next making up collectively 27%. The incentives
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referred to that make up 10% of the responses for motivators was related to individual
incentives meaning incentivizing individuals in the workplace to conserve energy by
means of reward and recognition, cash incentives, adding conservation of energy to
performance pay. A specific example was provided by and one individual whose
response was, “Possibly some sort of incentive and knowing that everyone else is also
trying to conserve energy also”. It was interesting to see in the coding and categorizing
process that a general theme of personal and social responsibility along with peer
pressure, or seeing others do the same came through in many responses that were
coded into the six categories.
Table 4-15 Motivation to Conserve Energy at Work
P lease list what would motivate you to conserve energy at work.
C ategory
# of Responses
Percentage
Cost Reduction and Money Savings
41
19%
Knowledge of Impact and Awareness
30
14%
Systems and Tools
29
13%
Cost and Enviornment
24
11%
Incentives
23
10%
Management
18
8%
13
6%
Make it Easy

4.5

Summary

The findings represented in the chapter were those that have most impact on the
research questions asked in this study. There were three questions asked in the
questionnaire regarding hybrid vehicles that were briefly analyzed and not found to
have any significance, or not factored into the analysis as a decision made by the
researcher. For example, there were so few who did not own their own homes, 13%,
that that was not a factor; and, the number of years working with the company was
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simply not used in the analysis. However, of note was the level of education. Of the
two hundred and twenty-nine respondents, all but three had graduated from high
school, and seventy-nine or 37% had completed a four year degree, and fifty-five or 26%
had completed graduate school. This could quite naturally have an impact on the level
of knowledge and understanding on energy conservation but not analyzed with other
data. The location where employees reside was not used in the analysis because the
majority of respondents came from the two largest locations in the business. However,
of note was the fact that there were responses from all seven locations surveyed. Also,
of note but not used in the analysis, was the question of operations or non-operations,
which was 41% operations and 59% non-operations. Considering the fact that the
engineers, and technical support in all locations would be considered non-operations
this was also not used in any analysis because further detail would be needed to draw
accurate conclusions. This is not conclusive of every single question, but added to help
others understand the decisions made by the researcher.
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CHAPTER 5.

5.1

ANALYSIS AND SYNTHESIS

Introduction

This chapter will provide an in-depth analysis of the results from the previous
chapter. Each section will be in the same general order of the findings represented
above. In final, an overall synthesis of the collective finding and analysis will be
provided.
5.2

General Overview

Ultimately, the findings of the survey do confirm that for the sample of the
population studied, the primary reasons for conserving energy were to save money and
a sense of personal responsibility. And while the findings also showed a difference
between the energy related behaviors at home and work, which was expected, it also
showed that the reasons why there are those differences are very much related to
actual control of the energy conservation process. The barriers identified along with the
motivators to change behaviors especially at work were related to having the technical
resources and knowledge to control the energy, which demonstrate that the theories
described in the literature review, particularly the Theory of Planned Behavior, is likely
the closest to describing theoretically why employees make the decisions they do to
conserve energy or not. Further, explained in the research, the extent to which the
individual has control over the required resources and opportunities, the more success
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they will have with implementing the behavior (Ajzen, 1991b). In addition, the VBN
theory is also relevant in that the premise behind VBN is that if a person is actively
engaged in environmentally conscious behaviors in their personal life they will also be
actively engaged in environmentally conscientious behaviors at work. Overall, the
findings from this research indicate that the personal value towards environmentally
conscious behaviors exists within this population; however, the level of control,
resources, and tools had at work are the most significate reasons for not literally
demonstrating more energy conserving actions at work.
5.3

Five Energy Related Questions

The findings from the ANOVA testing of the first five general energy questions
asked indicated that saving money and personal responsibility were the driver forces
behind why people conserve energy does, in fact, refute findings from previous research
which found energy use to be ‘socially invisible’ (E. Heiskanen et al., 2013) and, while
the literal action of conserving energy may be socially invisible if meant as actions not
seen by the general public, then maybe this would hold true.
However, throughout the responses from these five and other questions in the
survey conducted, there is a theme of personal responsibility as well as a recognition of
impact on the larger society and even comments regarding how peer pressure could
influence or motivators being seeing others around you doing the same. Nevertheless,
the conservation of energy appears to be anything but socially invisible from the
standpoint of the population studied herein.
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5.4

Home Related Analysis

The four actions related to energy conservation at home were all answered in
the affirmative of most of the time or always indicating that the basic behaviors that
could be performed in the home are actually performed consistently by this population.
And, the primary reasons for doing so were again cost savings, yet this time
environment was the second factor and if the cost and environment coded responses
were categorized together that would represent 40% of the total responses of why
people wrote in regarding why they recycle or conserve energy in their homes. This is,
in fact, in line with the VBN theory of connectedness to an individual’s environmental
worldviews and how those impact values which in turn impact behaviors and predict
literal actions (Scherbaum et al., 2008; Stern, 2000a). This also matches a study of
energy behaviors in Swedish households which also concluded that price and
environment were the most prevalent reasons for energy conservation (Vassileva,
Wallin, & Dahlquist, 2012b).
In the coding and categorization of why you do or do not typically recycle or
conserve energy at home, there were several findings under the ‘why they do’ that
stood out from the rest and indicated a very high level of understanding as well as
motivation to act on energy conservation as seen below:
“I personally don't need motivation. I feel a sense of responsibility to eliminate waste.
Saving money on my utilities would certainly help to motivate me to commit funds to
upgrade windows and insulation”.
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“I am already conserving at home: Just purchased new variable speed pool pump,
reduce air conditioning during the day, changing to led and cfl for lighting. Continued
financial gains do motivate “highly motivated, I spent $3200 on LED bulbs, 1700 on heat
pump water heater, 3500 sealing all my duct work and insalting runs in attic all this
year”.
“I do what I can: turning off lights, not turning the thermostat ridiculously hot or
ridiculously cold, my husband's main car is electric (Chevy Volt); and I'm trying to make
sure my kids limit their showers to no more than necessary. We already use an efficient
washing machine, water heater, and dishwasher and CFL bulbs in the majority of our
fixtures”.
“I just bought a now 97% energy efficient furnace last year, New windows 5 years ago
and a house that very insulated. It is much easier to control my energy usage at home
than at work”.
“When I get my electric bill, that forces me to cut back and save energy. Always looking
for ways to conserve”.
Even the questions related to energy assessments being performed in the home
and the use of energy efficient/programmable thermostats showed that individuals are
seeking ways to increase their knowledge as well as implement simple household
features to help conserve energy. The 21% having completed household energy
assessments was not expected to be that high but is yet another indicator of what the
sample population literally does to impact their energy usage. And having conducted an
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assessment at home could be helpful to those needing to understand the energy
assessment conducted in their workplace.
5.5

Work Related Analysis

Some of the responses given in the open ended question of what would
motivate you to conserve energy at work such as those listed below give further insight
into what individual’s claim would be needed for them to conserve energy at work:
“Communicate what and where energy controls are that pertain to your work area that
will at least give you some control of you immediate energy usage”
“Energy tracking tool”
“Information on average energy consumption per employee per office”
“Increased knowledge of our consumption and equipment to monitor and shutdown
when not in use”
These questions relate to work done by various researchers indicated that
measuring at the cost center and having the employees and managers in control of the
energy they use would be beneficial in overall conservation (Barney L. Capehart et al.,
2006; Costanzo et al., 1986; S. M. Finlinson, 2005). These responses along with others
indicate that the employees would conserve if they had the information and tools
needed to do so in their individual work environments both in an office or shop floor.
Studies by Lopes (2012) discussed the need for both technological improvements
and behavior change in order to impact energy efficiency and the results from this study
indicate that in the work setting in particular monitors and tracking mechanisms was the
highest category selected followed by more technical knowledge, and the same was for
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the opened ended question attached to question eight which showed the need for
equipment/devices/monitors as well as knowledge. The findings from this research
support the conclusions of previous research (Costanzo et al., 1986; Lopes, Antunes, &
Martins, 2012).
Also, in the opened ended question related to what would motivate you to
conserve energy at work, was the category of management, which based on previous
research was a critical factor both helping and hindering. In the Thai study the highest
barrier was, in fact, the lack of top management support (Hasanbeigi, Menke, & Du
Pont, 2010b). The responses categorized as management were related to management
setting policies and establishing expectations to be met by all individuals showing the
impact of peer pressure and social impact. Of interest in the motivator at work was the
need for knowledge and awareness of the impact which was indicated as a key to
motivating employees at work to conserve energy. This falls in line with the traditional
energy management system guidelines, which state that to develop an effective energy
management system the following are key elements: visibility of the program to include
why and how it will impact their jobs and income along with expectations, management
commitment, good initial projects, monitoring, measuring, metrics, and targets
(Capehart et al., 2006). The categorization of comments essentially fits into the key
needs of a management system yet the population sampled has not had any type of
energy management system in any of their locations. It is ironic that there is a
relationship between their general responses of what would motivate them and the
essentials for an energy management system.
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5.6

Home and Work Analysis

The question of recycling paper and plastic at home and at work were found to
have a small level of consistency, therefore, indicating that the actions performed at
home are different than those performed at work. While this may seem like a simple
task that is completely in the control of each individual the responses written in for why
or why not indicated that there was not always a means available to recycle paper and
plastic, and that there were not always recycling bins readily available to recycle. In
addition, outside of recycling just paper and plastic, an open ended question was added
at the end of the recycling at work question and the responses showed that there was a
significant amount of recycling actually done at work with products such as aluminum
cans, batteries, cardboard, metal, and steel. Having knowledge of each of the facilities,
the researcher knows that there are environmental compliance concerns as well as
quality concerns related to the majority of the items listed as other items recycled. This
shows that if the individual knows the consequence of not performing a specific
environmentally related behavior such as energy conservation, they are more likely to
comply and this is a direct connection with the VBN theory which specifically relates to
behaviors based on awareness of consequence (Stern, 2005). In addition, this matches
other research showing business performance and environmental regulations being the
larger driver in SMEs (Williamson, Lynch-Wood, & Ramsay, 2006b).
The paired sample t-test and Kappa scores for the questions of ability to impact
energy usage at home or work as well as the questions of the level of difficulty in
conserving energy at home or work both demonstrate the need for individual control
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and ease which are both more naturally available in the home. However, the Kappa
scores showed the highest level of consistency exists between the importance of
conserving energy and making every effort to conserve energy and although only a
moderate level of consistency this can be interpreted to mean that the value behind the
actions where at home or work is generally closely aligned. However, the literal actions
are dependent upon other factors such as level of difficulty which is related to the
resources and knowledge available as well as the ease with which the action can be
performed.
The primary motivation to conserve being money was the same for home and
work but significantly higher for home, where most individuals also seek personal gain.
The response of incentives being a motivator at work aligns with this as well meaning
the same individuals that are motivated to conserve energy at home for financial gain or
savings would be motivated by a financial or monetary gain for doing the same at work.
5.7

Summary

In summary, the findings and analysis have answered the questions posed in this
research providing information on the primary drivers for energy conservation in
general, the views of energy conservation at work and home and the primary drivers in
each as well as providing some of the barriers and things that would actually motivate
more action related to energy conservation to include key decision making factors. In
addition, the findings have some alignment with two of the theories presented in the
literature review and the findings for the most part complement other studies shown
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and, in a few cases, contradict other findings offering an opportunity to investigate
alternative views.
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CHAPTER 6.

CONCLUSION AND RECOMMENDATION

6.1

Specific Research Questions

This research was conducted with the overall intent to understand this specific
population of individuals both behavioral decision making at home and at work to
provide useful information to the organization to improve their use of their people
resources in conserving energy within the manufacturing facilities. Questions asked
were to provide a background to the energy conservation behaviors and reasoning as it
exists currently.
6.2

First Research Question

The first question: what are employee views and knowledge of energy at work and
home that drive behaviors toward conservation or efficiency?
Employees conserve energy to save money and for the environment.
Behaviors at home are different from work primarily due to knowledge of what to
do, tools to perform, and control in doing so.
Motivation is driven by environmental personal norms.
Quite simply this means that the respondents are motivated to conserve energy for
their own cost savings and because of the potential impact on the environment. And at
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work the respondents are motivated to conserve energy for cost savings and reduction
especially when they know the impact of their actions which is the second motivating
factor. Overall, behaviors at home are different from work primarily due to knowledge
of what to do, tools to perform, and control in performing the energy conservation
behavior.
6.3

Second Research Question

The second question: what are the key drivers, barriers, and/or incentives that
affect those behaviors?
Key Drivers at home: cost savings and environment
Key drivers at work: cost reduction, money savings, and knowledge of impact of
individual behaviors.
Key barriers at home: hard to do and cost of conserving is high.
Key barriers at work: lack of monitoring equipment, devices, and knowledge of how
and the impact when an energy conservation behavior is performed.
6.4

Research Question Summary

The questions asked were answered by this research and the findings were
especially important because they show that employees of this organization are not
looking for huge capital expenditures, but are seeking more knowledge and simple tools
to help them know what to do at work, and more importantly to show that what they
do can make a difference. In comparison with other studies, this demonstrates a more
positive outlook and overall desire to conserve energy which is a tremendous
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opportunity for the organization in that they do not need to overcome significant
cultural or motivational issues to get started.
The statistical results and qualitative data to support these answers as well as
provide insight into key aspects of behaviors that exist both at home and work that if
leveraged properly could be used to establish an effective energy management system
in the workplace of the population studied.
6.5

Recommendation for Organization

Develop an employee based energy conservation strategy for the seven locations. That
strategy should include the following:
1) Plan for awareness of simple things that conserve energy at work and provide
feedback on results monthly to all locations.
2) Start with recycling i.e., ensure all areas have proper tools, bins, etc. Even if it is
only a count of how many bins of recycling were obtained by department
including operational and non-operational create a base line for each and look to
increase and reduce landfill waste which can be associated with both weight and
cost. Report finding by month and acknowledge leading areas to all seven
locations.
3) Conduct a survey of energy use by office areas and operational departments
regarding lighting then develop simple strategies with employees to turn lights
off at certain times and then capture the savings. This is already being done on a
small scale in one of the seven locations for shut downs and could be expanded
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and replicated by all. Report findings by month and acknowledge leading areas
to all seven locations.
4) Establish a plan for installing gas or electrical meters on high energy use
equipment with employee input. Start small with demonstrating savings just as
was shown in Figure 1.3 of this research. Report the findings by month and
acknowledge the accomplishment to all seven locations.
5) Highlight and recognize specific employees for their personal energy
conservation actions in monthly company newsletter and make the connection
between energy related behaviors at home and at work.
6) Add to monthly communications the different ways that the simple actions
individuals take improves their environment both on the small and large scale,
impacts their income, and provides job security, help their families and
colleagues.
Ultimately, the approach described above is leveraging individual decisionmaking toward energy conservation and provides a way of rewarding individuals by
way of recognition as well as teaching the longer term benefits of energy
conservation that will come to them as well. None of these recommendations
requires a significate amount of financial or highly technical resources to start, but
rather better utilizes the current resources, the larger body of people, and leverages
the current level of personal energy conservation motivation.
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Obviously, this could be expanded for even greater savings, but rather than
starting on a grand scale, the proposed recommendation based on the learnings
from this research would be to start small, leverage what already exists,
communicate consistently to make people aware of their impact, and reward the
current efforts though public recognition, with the intent of engaging more.
6.6

Contribution to Research

This study provided a unique contribution to the broader population and other
studies by providing a nontraditional approach to energy management within an
organization. The study provided both quantitative and qualitative data with direct
connection to behavioral decision-making theories which provide a framework for
changing an organizations behaviors related to energy management that focused on
human behaviors first that can in turn lead to larger scale improvements. It also
focused on leveraging the largest resources (people within the organization) on a small
scale for energy conservation to build up to a larger scale energy conservation. The idea
is to leverage the employees’ existent motivation to conserve in any way possible,
highlight those achievements consistently, and then move towards traditional energy
management system approaches. This is instead of starting with metering and
monitoring on the high energy use equipment which to start requires most of the
barriers also described in the results of this research. Overall, this research provided a
contribution to the broader population and other studies by demonstrating the
connection to the most prevalent environmental behavior theories as well as comparing
and contrasting with other studies conducted in homes and workplaces. This study
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provided a unique look at one large manufacturing organization made up of seven
different facilities, and the researcher had insight into the workings of the organization
as a member of the population which helps to provide validity and understanding of the
responses.
6.7

Recommendations for Future Research

Future research could replicate this type of study for a specific population, apply
the recommendations, and then re-evaluate to determine if in fact understanding
decision-making behaviors regarding energy conservation is in fact applicable to create
organizational change.
The findings from this study could be further analyzed and more detailed research
conducted based on the findings to get an even more specific understanding of literal
energy related activities and knowledge to provide even further information for a
management system. However, based on the findings herein, there is enough critical
information to start an effective program that would maximize the strengths that
already exist within the population namely the motivation to conserve which clearly ists
among this population.
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Appendix C

Survey Questionnaire

Thank you for taking a few moments to complete this survey which is a critical part of
my dissertation regarding what we do to conserve energy both at home and at work.
The survey should only take about 7-10 minutes to complete and you will remain
completely anonymous. There will be an opportunity for 10 people who complete this
survey on or before June 30th to be entered into a drawing to receive $25.00.
1. Evaluate the following statements about conserving energy:
Strongly Disagree Disagree

Neither Disagree Nor Agree Strongly Agree

Agree

I conserve energy to
preserve the
environment
I conserve energy to
save money
Conserving energy is the
responsibility of my local
and/or national
government
Conserving energy is my
personal responsibility
There is an energy crisis
in the world today

2. Evaluate the following statements regarding recycling and energy use in your home:
Never Some of the time

About half the time

Most of the time

Do you recycle paper and plastic products at home?
Do you use energy efficient light bulbs at home?
Do you consistently shut the lights off in your home when no one is present?

Always
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Are your decisions to buy appliances i.e.

washer/dryer, refrigerator, dishwasher,

furnace and/or
A/C unit based primarily on energy efficiency ratings?
Why do you or do you not typically recycle or conserve energy in your home?
3. Please select yes or no for the following questions:
Yes

No

Have you had an energy use assessment performed at your home/residence?
Do you use an energy efficient/programmable thermostat in your home/residence to
manage energy consumption?
4. Do you drive a hybrid or electric vehicle?
Yes, as my primary vehicle.
Yes, as a secondary vehicle.
No, I don't drive a hybrid or electric vehicle.
5. What is the primary reason you drive a hybrid or electric vehicle?
For environmental reasons
To save money on gas
Equally for both environmental reasons and to save money on gas
6. Evaluate the following statements regarding recycling and energy use in your
workplace:
Never

Some of the time

About half the time Most of the time

I don't know
Do you recycle paper and plastic at work?

Always

98
Optional comments
Do you recycle other products at work? If so, what?
Optional comments
Do you personally impact energy usage at work? If so, how?
Optional comments
Can you turn off your work equipment when it’s not in use?
Optional comments
If you could turn your work equipment on and off when not in use do you know if it
would decrease the energy consumption?
Optional comments
Do you have the necessary technology to help you conserve energy at work?
Optional comments
7. Do you consistently shut the lights off in you work area when no one is present?
We have lights with auto-sensors at work
Never

Some of the time

About half the time

Most of the time

8. What would help you to conserve energy at work? (Select all that apply.)
More technical knowledge
Monitors/tracking mechanism
Individual performance management expectation
Capital
Other (please specify)
9. Evaluate the following statements.

Always
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Strongly Disagree Disagree

Neither Disagree Nor Agree Strongly Agree

Agree

Conserving energy is important to me at home.
Conserving energy is important to me at work.
I make every effort to conserve energy at home.
I make every effort to conserve energy at work.
Conserving energy at home is difficult.
Conserving energy at work is difficult.
I have a personal responsibility to conserve energy and resources at home.

I have a personal responsibility to conserve energy and resources at work.

I know how to conserve energy and resources at home.
I know how to conserve energy and resources at work.
I am personally able to impact the energy usage at work.
I am personally able to impact the energy usage at home.
Energy and natural resource conservation is something to be concerned

Why do you think energy and natural resource conservation is or isn't something to be
concerned about?
10. Please list what would motivate you to conserve energy at home.
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11. Please list what would motivate you to conserve energy at work.
12. Which category below includes your age?
17 or younger
18-20
21-29
30-39
40-49
50-59
60 or older
13. What is your primary Alcoa location?
14. Is your role in Operations or Non Operations?
Operations
Non Operations
15. How many people do you directly supervise?
16. How long have you worked at Alcoa?
Under a year
1-2 years
3-4 years
5-6 years
7-8 years
9-10 years
11-15 years
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16-20 years
Over 20 years
17. What is the highest level of education you have completed?
18. Do you rent or own the place where you live?
Own
Rent
Neither (please specify)
Thank you for completing my survey. You will now be directed to a page where you will
have the opportunity to enter into a drawing to win one of ten $25 Amazon gift cards.
Your responses from this survey will NOT be associated with your contact information. If
you do not wish to enter in the drawing you may close the page at any time.

VITA

102

VITA

MARLA D. CORSON
(215) 694-4948
marladcorson@gmail.com

http://www.linkedin.com/in/marladcorson/

GLOBAL DIRECTOR - ENVIRONMENTAL HEALTH AND SAFETY
Inspiring Performance

Safety Culture

Risk Mitigation and Management

Environmental, Health and Safety (EHS) champion with diverse organizational leadership
and safety experience within manufacturing and distribution industries. Director of
strategic planning and execution to exceed corporate safety goals and year over year
improvements. Forward-thinking innovator and engaging leader with relentless
commitment to safety compliance and excellence.
AREAS OF EXPERTISE:
Strategy Development

Environmental Compliance

Team Development

Organizational Change

Data Analysis and Trending

Fatality Prevention

EHS Management System

EHS Audit and Compliance

Cost Control

Non-Compliance Reduction

Risk Assessment

Strategic Leadership
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PROFESSIONAL EXPERIENCE
Alcoa, Inc., Lafayette, IN
2008 – Present
Global leader in metals technology, engineering and manufacturing.
Global Director EHS (2012 – present)
Independently develop and integrate new injury reduction key leading performance
indicator, Touch Time Reduction, globally over seven locations to reduce LWD, DART
and TRR across entire business. Lead locations in deep dive analysis to identify gaps and
correct targets. Oversee Senior Health Manager to drive strategic corporate initiatives.
Mentor seven location EHS Managers to cultivate effective team relationships and
global sharing of knowledge. Provide on-site auditing, risk identifications, and cost
effective solutions for risk reduction and mitigation. Implement Fatal Serious Injury
Prevention across business for targeted action on serious injury prevention.
ඵ Saved $1M in EHS cost saving initiatives across the entire business.
ඵ Reduced LWD by 75%, DART by 34%, and TRR by 6% in 2013. On pace to exceed
targets for 2014.
ඵ Decreased landfill waste by 56% in 2013.
ඵ Cut water use by 50% in 2013, equivalent to $1.5M savings.
ඵ Completed 215 Fatality Prevention projects, 80 touch time reduction projects, 42 ergo
improvements, 21 noise reductions, and 10 environmental FEMA’s.
ඵ Received Alcoa, Inc. Impact Award runner up recognition in 2013.
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Continuous Improvement Manager (2011 – 2012)
Partnered with manufacturing leaders in five locations to develop business strategies for
safety, cost, time, and quality. Developed ABS Leadership Development Program to hire
five interns and ultimately extend four full time offers of employment. Led business unit
Kaizen events for free cash flow model and safety injury reduction strategy. Oversaw
staff for rapid leadership development and coached two members to promotions.

Environmental Health and Safety Manager (2008 – 2011)
Hired, coached and mentored seven interns, six of which converted to full time roles.
Directed two successful external medical OSHA record keeping audits. Engineered
detailed design of fatality risks associated with parking lot.
ඵ Led organization to best ever safety performance, reducing injury rate by 70%.
ඵ Restructured medical department to provide first ever 24/7 coverage, four Registered
Nurses, and ultimately a 25% cost reduction.
ඵ Decreased workers compensation costs by 50% from 2008 to 2009 and another 50%
from 2009 to 2010.
ඵ Directed plant level efforts to obtain $3.5M in capital funding for enhanced storm
water system.
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Amazon.com, New Castle, DE
2007 – 2008
$74B online retailer striving to be Earth’s most customer centric company.
Health and Safety Manager
Prepared facility to achieve reevaluation as an OSHA VPP Star site. Evaluated and
revamped controls for regulatory compliance with the control of hazardous energy,
confined space, electrical systems, Personal Protective Equipment, machine guarding
and dock standards. Led Kaizens to reduce risk on Powered Industrial Equipment,
ergonomics and machine guarding.

Alcoa, Inc., Cressona, PA
2002 – 2007
Health and Safety Manager (2005 – 2007)
ඵ Created and implemented strategic plan to achieve 55% reduction in all serious injuries
with one year.
ඵ Reduced incident investigation/root cause analysis documentation rejection from 86%
to 5%.
ඵ Initiated first ever plant wide Injury Free Event (IFE) to increase employee involvement
by over 50% and received corporate wide recognition of achievement.
ඵ Designed Kaizen follow-up process to improve 30-day completion rate from 45% to
100%.
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Organization Effectiveness Manager (2002 – 2005)

EDUCATION
Purdue University, West Lafayette, IN: Doctor of Philosophy Candidate, 2014
Brigham Young University, Provo, UT: Master of Organizational Behavior, 2003
Brigham Young University- Hawaii, Laie, HI: Bachelor of Arts, Psychology, 1999

ACCOMPLISHMENTS
United States Air Force (USAF), Personnel Specialist, England, UK and Grand Forks, ND
4 years of service, honorable discharge, early promotion, meritorious service award
Missionary, Maracaibo, Venezuela
18 months, fluent in Spanish
Alcoa Top Talent Development Program, Case Western University

PUBLICATIONS

Handy, Rodney G., Jackson, Mark J., Allen, Cory; Corson, Marla; Zehrugn, Craig; Bevill,
Brian. (2012). Particle size distributions resulting from the combustion of common
thermoplastics. Journal of Manufacturing Technology. 4(3-4), 125-132.
Mahoney, Diana L.; Corson, Marla Dee. (2003). Light-mindedness versus
lightheartedness: conflicting conceptions of laughter among latter-day saints. BYU
Studies. 42(2), 115-129.

